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Li t hography systens are commonly used to transfer imges froma reticle
onto a sem conductor wafer during sem conductor processing. A typica

|'i t hography systemincludes an optical assenbly, a reticle stage for
holding a reticle defining a pattern, a wafer stage assenbly that positions
a sem conductor 30 wafer, and a neasurenment systemthat precisely nonitors
the position of the reticle and the wafer. During operation, an inage
defined by thye reticle is projected by the optical assenbly onto the wafer.
The projected image is typically the size of one or nore die on the wafer.
After an exposure, the wafer stage assenbly noves the wafer and anot her

exposure takes place. This process is
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RELATED APPLICATIONS

This application claims priority on Provisional Application Serial No.

20 60/462,499 filed on April 11, 2003 and entitled “Landing Pad for Immersion

Lithography", the contents of which are incorporated herein by reference for all
purposes.

BACKGROUND

25
Lithography systems are commonly used to transfer images from a reficle
onto a semiconductor wafer “during  semiconductor processing. A typical
lithography system includes an opfical assembly, a reficle stage for holding a
reficle defining a paftern, a wafer stage assembly that positions a semicondustor
30 wafer, and a measurement system that precisely monitors the positicn of tl.we
reticle and the wafer. During operation, an image defined by the reticle is
projected by the optical assembly onto the wafer. The projected image is typically
the size of one or more die on the wafer. After an exposure, the wafer stage
assembly moves the wafer and another exposure takes place. This process is



repeated until all the dice on the wafer are exposed. The wafer is then
renoved and a new wafer is exchanged in its place. | mrer si on

| it hography systens utilize a |layer of imrersion fluid that conpletely
fills a gap between the optical assenbly and the wafer during the 5
exposure of the wafer. The optic properties of the imrersion fluid, along
with the opti I the projection of smaller feature sizes
than is curr E%{%F?%g%gg?wg d‘Eds?“l ﬁgﬂ?t\gﬁgﬁg'{? Bereh f”l"‘? MRS IR BeR. repevedxanyl e,
i mer si on | i ehdgmnapwaferds exnhreged i ifseilarg. consi dered for next generation
sen conductor te i i di 5 noneters, 45 nanoneters, and
beyond. | nmer si oﬁhﬁ i t’ﬁ‘%‘g?@ﬁﬁ%ﬁ‘g %S%'gerng OLIEI 15 eap?aé’éeén‘i’fs'ném@'is@'?i fivid abiat

t echnol ogi caformpletglt Hisoughp tiedvesn e bptical esesrally eandhrecwsfelr auggh Wse of
optical |&thogapYorfiy wide e : .- . After a wafer is
exposed, it i’gfor enoved gn% ~eﬁ@%gﬁgce@%&#%’?’%&%e@?n ﬁ\‘ﬁg AaRg wb e

cont enpl at ed°Rt2l pafeReloRliay dhemlection dfmmalier dertdrieusidesmiands kareampved
from the gapaegid hary §8RISRISNEY 18] h .S : an . More 15
specifically, when a wafer | :sO%t o be Ogggﬁghg:eo\g%&%@g“f rrﬁﬁ‘épsé"d‘g@g‘gﬂfﬁw he gap
i s turned oftf CWRBUY PEiNg Fasiderasl & nexéraaneeatigapseiicenduchy teansibgies t he ol d

waf er is renmligdng B5naNonRiRE i ' d - opti.cal
assenbly or 0 i S Jriin?!‘?rlgg%%vm t ?‘%@@ﬁ imglrssfoér}}ﬁ?ﬁ%?@y Once

v agg tE}en t he ggp J .
all of tie ABYGRRRRHFECHSS Hanfirant iechagipgisairtsedthrongh thalwilbikely eablebegi n.
20\Nf er exchmmtmuémuémmwbamtﬂdgtmgﬁ&nha f@és&gﬁfé%{&?éi above is
probl ematic for nunber of reasqns. The repeated filling and draining of
B e agt dni s
the gap may caus® \/raf?l AT n§R%etne s ramavef grdreghangasawitag neatwefebubbl es
to f o][ m Wi t Hisncurfeety momtesiptite Ir:chndEarB@hbéﬁ&nﬁmd?ﬁé fitﬂnié!?ﬁ%@%@‘nﬁ Wit (ii)ema%/
interfere w e n t he | n e reticle onto the wafer,
t her eby redlﬂ%ﬁ?}%ga?{%\[‘ gllse. 5%%“% e&f?P?P&g&@ﬁ%@@’eé’Y@@ SRxshangedmdvigrest eps
and i s’ f1Pme spemaliy, whienwhivater ised beeschdgiedy tediuld $UppaUBNRRS BaRTs higgmachi ne.
An appar at uggapd ArRt; i i ni imersion flujd in the gap adjacent
the projection | gﬁ? ’\?\géej”r]\ét de%%e?béﬁ Q’%é %K?@E“’BRAQE f o‘Pﬁfrt;ﬁ@ 'Bngyebt i on
proj wne 9
lens, for eR&wY wafauisiafignageneplacachadgethei aptitilessémbly, aretied thedgapSYMVARY
An appar at Ugs-fRd W't hesh § ' N ' jon fluid in the gap adjacent
the projection lens in a W?ﬁzdgd:glgﬁy CSnlgcc %E i%J'se 3PS 81388.are|'ﬁ8mg*§g%r at us
exposure of the new wafer can begin.
20 Wafer exchange with immersion lithography as described above is
problematic for a number of reasons. The repeated filling and draining of the gap
may cause variations in the immersion fluid and may cause bubbles to form within
the immersion fluid. Bubbles and the unsteady fluid may interfere with the
projection of the image on the reticle onto the wafer, thereby reducing vields. The
25  overall process also involves many steps and is time consuming, which reduces
the overall throughput of the machine.
An apparatus and method for maintaining immersion fluid in the gap
adjacent the projection lens when the wafer stage moves away from the projection
.lens, for example during wafer exchange, is therefore needed.
30

SUMMARY

An apparatus and method for maintaining immersion fluid in the gap
adjacent the projection lens in a lithography machine is disclosed. The apparatus
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and net hod i ncludes an optical assenbly configured to project an i mage onto
a work piece and a stage assenbly including a work piece table configured
to support the work piece adjacent the optical assenbly. An environnental
systemis provided to supply and renove an i mersion fluid fromthe gap.
After exposure 5 of the work piece is conplete, an exchange system renoves

the work piece an%\ g R cfes it tV\Ait a gﬁ wor k piece. An imrersion fluid

systemis pr oVl B RIS A PR aﬁsﬁﬁ’zﬁ%f) igpred 9 f?fﬂle%%“ fagoepeta a he wor k

I[:])I ecet t agl e %vjoukeiie;avay? [{f;\e;) etage hssqamb%ylembigaml is;grk 'B*@egt@g;é bﬁﬁ@hggaetéjoes not
ave to be refilled w %(%1%[1% ui en irst work pieceis

repl aced with 4 second ﬁ’foo%ﬁ?tf | BT EERIr O entift spRaw NGS
Figure 1 is iamrévideddo samply)mcbrfeme Iantnlnawrﬁphﬂusmm the gapViamgr bealsUres of

t he present cross,section of an i mrersion -

| i t hogr aphy dquﬁp}ﬁgp %%%rédd g‘;‘l’q‘”"t‘% %"Cg'ﬁﬂ%%ﬁﬁ%fﬁ{' "BV FR T Uk ieqendEht i on;

Fi gure 3A arfélP@BBSatt avilh eemed yari p@neanfkh anrhesicdoMId ¥iEWmoE pAdvidddRY Si oNn

I'i t hography 0 di resent

i nventi on; F@ﬁ%@mﬁleqaﬁ%ﬁgpgwéﬁ%g% égct\ﬁ‘fhgﬁqgen mgk P@ﬁe&%% V&R B¥aYan

i mer si on z(jrqm tirfo groigstign tetshi hiee gep dheliefge tdvea ratt Hewve aohiodrarmad ol t he
present invenbicpiion fli@When ﬁ‘éﬂ?ﬁ‘évoﬁgpi%{:%{) %Ptagg it Festeﬁ%“‘{)?"g%o&{dl fferent

twin vvafer stages according to othe S nventi on;
Fi gure dRis a top down view of a tw n stage I|thography machi ne accordi ng

to another enbodi ment of pRit hEYERIPABN BPTHEHRAYARLEE are a series of
diagrans illustrating a mmm%g—m present invention.
Figure 1 is an illustration of an lithography machine having features of the
present invention;

15 Figure 2 is a cross section of an immersion lithography machine according
to one embodiment of the present invention:
Figure 3A and 3B are a cross section and a top down view of an immersion
lithography machine according to another embodiment of the present invention;
Figure 4A and 4B a cross section and a top down view of an immersion
20  lithography machine according to another embodiment of the present invention;
Figure 5A and 5B are top down views of two different twin wafer stages
according to other embodiments of the present invention:
Figure 6A is a top down view of a twin stage lithography machine according
to another embodiment of the invention:
25 Figures 6B-6E are a series of diagrams illustrating a wafer exchange
according fo the present invention.
Figure 7A is a flow chart that outlines a process for manufacturing a work
piece in accordance with the present invention; and
Figure 7B is a flow chart that outlines work piece processing in more detail.
30 Like reference numbers refer to like elements in the drawings.



Figure 7Ais a flow chart that outlines a process for manufacturing a work
pi ece in accordance with the present invention; and Figure 7B
is a flowchart that outlines work piece processing in nore detail. 30Li ke
reference nunbers refer to like elements in the drawi ngs. DESCRI PTI ON
Figure 1 is a schematic illustration of a |ithography machi ne 10 havi ng

features of the present invention. The |ithography machine 10 includes a
frane 5 12, an illunination systemi ation apparatus), an opti cal

assenbly 16, a reticle stage assenbly 18, a work piece stage assenbly 20, a

measur enment syst%m 22, a control %stem 24, and a fluid environnental
system 26. The dé&i'{gn of 7 FENBRlioHeTitations oft  ditdorapbyr mppyinerdéhhmend 0 can

be vari ed t ofestuids cbfhﬁeqbee&legﬂmf/@ﬂiuhrmﬂttﬁog}épﬁﬁﬁabhxhgqgrJﬁané(eé@?%'npee 10.

10l n one gnb ne. e li nmachi ne is used to transfer a

pattern (‘ﬁot % gmﬂtfrh*g? %53{5&191%342&@&‘85@?&9‘3@@5‘%%& apiieal dseerpblyotft @ a

sem conduct cxeﬁdmsmge?,@ss(erﬁbllwssrat\m}klmew@mg@@ssem bot Bogaah¥maaechi ne 10
roun a base, or floor or sone

nmounts to a t e 32

ot her supporggtlr%g1 %%]%u%t%ﬁr?f SYSTPE) %‘9@3? gﬁ@s%mm&ﬁﬁ&%ﬁmﬁ@e Thewdasidron, the
li t hogr aﬁhy afiehéanepab@nisani ﬂtee!nth@;edpiasmactsﬁaﬂ mdlag uew.eah@%ﬁt trreft]ggfg?-p )
system t hat ro reticle 28 onto the wafer 30 wit
the reticle r%@ﬁ%ﬁ%ﬁﬁ%‘?ﬂ%@@&é@ﬁm i?/nchronousl y. In a scanning type

l'i t hogr af$hi ¢ machii pee antedineritcthe maogrsphp\mahmw pendi eaddatd wakGean opti cal
a3, O ot ARG Ab SRRTIH o hBobled B A uS5TAR0 oAl SRRl 20 e

wafer 30 is noved perpendi cu tica
assenbly 16 W#eErt $e (Mla&f@tedstfagéarag@énbme Zlﬁwgm:ynmaguoé tmmoluetsl o a 28 and

t he waf er 3Q.0664 Badhibbes ih e n novi n
synchr onousl| ééﬁAlﬁt{ e?%%t?v%? Qhé ;édLIE‘Pt ﬁc%tgars% %;tﬂﬁgg Qh ns%jé’oﬁ’n

st ep- and- r ep urPype 25 photol |thography systemthat exposes the reticle 28
while the reticlig d8oae@mbb@menisess 18O i{eBitiSh aﬂ\b%%g)/a hlyr}n%aﬁnes tl@?cg%,? g
anre e

repeat proces IS I nh a constant si T Ive

reticle 28 d’SF?tﬂé"So%tSF%’én’”gaé‘/?Sr%%‘ﬂ'*if@%%ﬁhvwﬁ% teatperpgses dfe pattérndi vi dual

field. Subseguehe Ire;:ﬁcfebm mnh@wa&e@otw;ﬁeth@&@ﬁéwzg aHdoRe watfé}esd’\{g ?30| I's
lcurarly to

consecutive t he wafer assenbly 20 30 per

the opti cal EW FS’{’ hi N B SERUEM B@ez‘%%sﬂ%: E@CF*ﬁﬁtfhﬁr{éﬂ%Qﬁ i$ reivdd of t he

waf er 30 |spdzrpanrﬂ@!aﬁyniboarpqﬁlcfalmﬂsbﬁir@tbptﬁ;at Qséelﬂﬂ)fyﬂpslb@%eé\étﬁ;@@ﬂaﬁ 1ﬁ and
t he i mages on the

ot e85 PRl P Gl B LU bR wf kst b ono
t hen t he newlicéli agsdmbfy 161by the wafer stage assembly 20. Scanning of the reticle 28
and the wafer 30 occurs while the reticle 28 and the wafer 30 are moving
synchronously.
Alternatively, the lithography machine 10 can be a step-and-repeat type
25  photolithography system that exposes the reficle 28 while the reticle 28 and the
wafer 30 are stationary. In the step and repeat process, the wafer 30 is in a
constant position relative to the reticle 28 and the optical assembly 16 during the
exposure of an individual field. Subsequently, between consecutive exposure
steps, the wafer 30 is consecufively moved with the wafer stage assembly 20
30 perpendicularly to the optical axis of the optical assembly 16 so that the next field
of the watfer 30 is brought into position refative to the optical assembly 16 and the
reficle 28 for exposure. Following this process, the images on the reticle 28 are
sequentially exposed onto the fields of the wafer 30, and then the next field of the



wafer 30 is brought into position relative to the optical assenbly 16 and
the reticle 28. However, the use of the |ithography nachine 10

provi ded herein is not necessarily limted to a photolithography for

sem conduct or manufacturing. The 5 lithography nmachine 10, for exanple, can
be used as an LCD photolithography systemthat exposes a liquid crystal

di spl ay work ece pattern onto a rectangular glass plate or a

phot ol i t hogr ¥ ﬁgﬂ%?&%&*ﬁhf 1o Resligraietalive fgythe antical dssemblyaignetd tbe hetile
Accordingly,28he term ' work piece" is generically used herein to refer to
any devi ce that E@é be patterned using |ithography, such as but not limted
to wafers 10 or Ep &S Hpe ol the "tho@rﬁﬁ’(‘?ya{b@ﬁi}'fﬁ 18 wpdded heraduppaont s t he

conponent s ofecémﬂlyl Itnlﬂté@rta@ horeahb fi 2
illust rat§d ig})Q%J%ure @grts th%ﬁ?’ifuoé%ﬁgﬁggﬁﬁse#to‘f&@@& tﬂ%e waf er

st age assent dPT SEYBABI §2NL B AI5E taFean ILp@ni)iffF&@lltbwgraw em 14
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|IIumnat|op[;'asS(§u 34 ar?ﬂq!nll ?tlonotlca assenb

i || uminati ot sodrce %34 &Y "[’J@er?y@ 9T A0 HENYAFUERO I3 @ﬁt 1éh@!ragyetICThe

i 11 um nati orheagt Acratlrdlaggethbltqmﬁﬁmgupade@ it lgen@ﬁﬁmr Qfsed hQ’Bfn B RGEOY ddyom the
illumnatio 4 eotlca eamlllum at es
sel ecti vel y'ligﬁ? ?gﬁrﬁgn yprJr Eﬁ%e *S’Q%}éth?%rfifjgb e‘%ﬁé a&r’i’d’téﬂﬂﬁg'@ foealeors waf er
30. In FPgureldD suhgrated. umi nation source 34 is illustrated as being

supported ‘above e ek ble;shass, SBENRL 4% Typcea! LY hievery, e

illum nation source IS secure
frame 12 an®achieedfer e arnamtis Gament? iliubiated at F@mr@dm@go@sﬂrtﬂéredtiéeﬁ ed to

6. 25The | LI Sor oo g ve 208 WR ek S8he el A, M e SR ey i 11 ne

36. 25The i I I um nati on source
source (365Hmjnatign W%ﬂélﬁbﬁ@fhﬁaﬁ@rﬂﬂmmsﬁﬁ? an ArF exciner |aser (193

nm or asF2 | aserhe( Grhinam t h ource 34 can
generate chgglged aen X~ Ir y. n_lgﬁét{eﬁf ?Iécig&ﬁg&; an fﬁu}n!L " rg?%té’t(fe 3§n‘?ﬂdo? Nfocuses

the i ght pHYRIRECR RPEeAHASSEMPle SPet FBPe‘“%'”ﬁ@Oﬁ ﬁéUWQfé‘ﬁ &0its Bepemdi ng upon
t he design oﬂradlét&n} bﬁil@ﬁgér@by TRE MuAthatBn o bﬁ@al@@éérﬁ@}: 3@%@%@%% 6&{ ni(]:an
magni fy or gfe@g‘ge g rnaﬁ}ﬁ‘hllllrj] C?aged on the ret | o% cal
assembly 16°n Ry fign) WHINBECY, SPWEE i tonthe yaptisrh assemblyuded Bihso be a
| x or great erarmiigmidateaséloctivelysdiféfent portions of the reticle 28 and exposes the
20 wafer 30. In Figure 1, the illumination source 34 is illustrated as being supported
above the reticle stage assembly 18. Typically, however, the illumination source
34 is secured to one of the sides of the apparatus frame 12 and the energy beam
from the illumination source 34 is directed to above the reticle stage assembly 18
with the illumination optical assembly 36.
25 The flumination source 34 can be a g-line source (436 nm), an i-line source
(365 nm), a KrF excimer laser (248 nm), an ArF excimer laser (193 nm} or a F,
laser (157 nm). Alternatively, the iflumination source 34 can generate charged an
X-ray.
The optical assembly 16 projects and/or facuses the light passing through
30 the reticle 28 to the wafer 30, Depending upon the design of the lithography
machine 10, the optical asserbly 16 can magnify or reduce the image illuminated
on the reficle 28. The optical assembly 16 need not be limited to a reduction
system. Ht could also be a 1x or greater magnification system.



Al so, with an exposure work piece that enploys vacuumultra-viol et

radi ati on (VUV) of wavel ength 200 nmor |ower, use of the catadioptric type
optical system can be considered. Exanples of the catadioptric type of
optical systeminclude the disclosure Japan Patent Application D sclosure

No. 8-171054 5 published in the Oficial Gazette for Laid-Open Patent
68, 672, as well as

Applications and i ni,er . Patent .No, 5,6

Japan Patent Appl ip\ﬁ:%f ﬁ@{rﬂl‘ %ﬁsc géﬂ'lge%ﬁgf ﬁfﬁ’%f% FHAOYE svacHumt altiadelel, S.
Patent No. 5,838ligm&/U\) of vaeiendinaed nmididowef uectfithg cambiopaic W(ﬁﬁ@&ece can
be a cat adi oplykiem ' i 0 ing._a beam splitter and concave
mrror. Japaginat eﬁitn %%q%ﬁ%ﬁﬁ%ﬁgegéfggﬁ fa .pg'-cﬁﬁ &% Opligsl isytent i n t he
Official Gaz&i4¥ler dhe Ldpgogysen Jmarentateppl Amsitatans Gisdoddrs U RIRArt U. S.

Patent No5 5p0B8@h3d 7inathe WBkciaR G aARAN 1t pbication Disclosure
No. 10- 3039 and its cigunﬁer pamraf'TJI Us. Pﬁ%@gkﬁ%i nge’lntr{lﬂ%?at@?& ok its
(Appl i cati on “DHIEPeR.YS. Faten]| Ne GS6887Rekkewel mg- Jmfanalhichg Apph&atioh

optical syst &ncozoer RONAPLING anCROe LI PE, b i.thout a 15 beam
splitter, &Yﬁﬁ%ﬁi@éi ﬁgfgﬁ% ?‘S-n.g-%igz}? g'r iy theps

and_can_.al sq be enpl oyed w t
pernitted, tg%seéi G 6%15%!9 gﬁ“‘@%é"o&%dﬁ%ﬁ%ﬁmibmedcatatﬁoptpat@mtéf, syaterdel | as
t he Japan painentposlip i  &tb@nspligsPlanghedthchle t fi.ci.al zette for
Lai d- Opegg Pabf%@?os:ﬁ@ﬁ{]& 8%5—1@ §p|a}g_e innc%gjgg?%trﬂ_ﬁoger‘jea:bhﬂb!;lgﬂfgfé% O The
reticle stage assembly": %158% lished o dhe Qffiialt Gezsttet for lLaid?BperePatdye to 20
the optical Amyeafiing a6l ncotifiterpsaf Br's.3Batehf) NSNS @BOHY TBAL. th‘lﬁ reticle -
At tetains théd P8Pitle 28

anda rot ol oetC AR DBAbRE) N B Aol cpminponni U Poent ot il ¢
stage 38 and“MRieRttne Ne8.87BA06 $Amdieatiny Gat@ssenbyy 4Ro 4de Ca oA t he
respective sbREQING%ypA? odbcalbidled i 8, degrees of freedom |ess AAR three
degr ees %{/ f reedom or r?ér%a t%a% t"ﬁ?oé%ora&ﬁ@QQ”W‘?W’E&’B@@tﬁu%withqmmpl e, in
al t er nat 1% e REABo PSRt and et eise dge ermplayed asiieut yindhiofd g@Ne0ye ;L he

respective Slef@fed3fe d<oidd Lhree, four, five or six degrees of
freedom The reticl eestaggu%vgpﬁgs@ggn%Ir@é}ﬁ'@n%?mafg‘hﬁa%ﬁsk apivlicasstrege nover
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voi ce coil mphlkationd hre8adorPMLRH ekl b r’-éfg%ngeLorentz force to generate
drive force, el ei:troma] neti c novers, E anar notors, or sone other force

OVers. he reticle stage assembly 18 holds and positions the reticle 28 relative to
20  the optical assembly 16 and the wafer 30. In one embodiment, the reticle stage
assembly 18 includes a reticle stage 38 that retains the reticle 28 and a reticle
stage mover assembly 40 that moves and positions the reticle stage 38 and reticle
28.
Each stage mover assembly 40, 44 can move the respective stage 38, 42
25  with three degrees of freedom, less than three degrees of freedom, or more than
three degrees of freedom. For example, in alternative embodiments, each stage
mover assembly 40, 44 can move the respective stage- 38, 42 with one, two,
three, four, five or six degrees of freedom. The reticle stage mover assembly 40
and the work piece stage mover assembly 44 can each include one or more
30 movers, such as rotary motors, voice coil motors, linear motors utilizing a Lorentz
force to generate drive force, electromagnetic movers, planar motors, or some
ather force movers.
In photolithography systems, when linear motors (see US Patent Numbers
5,623,853 or 5,528,118 and incorporated by reference herein) are used in the
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I n photolithography systens, when |inear notors (see US Patent Nunbers

5,623,853 or 5,528,118 and incorporated by reference herein) are used in

the wafer stage assenbly or the reticle stage assenbly, the |inear notors

can be either an air levitation type enploying air bearings or a magnetic

| evitation type using Lorentz force or reactance force. Additionally, the

stage coul d nove aloqgégﬂguide or it could be a guideless type stage that
|
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18 to 25 prﬁfﬂ'?elaﬁi position the reticle 28 and the work piece stage
assenbl y 20" ¥ 3T ?@F%P“pgé}éqeﬁ i9gReRERd Riufhe refige (maekiddagsymotien cavebe
Teasur erent n*@ytlaa:&isnﬂithrmfetn\ed;M- thEOflod?X@PaLrRl) ByNBsdTBRSURSHE HheRKS! & ﬁz can
utilize mu . S e s, encoders, mrrors, and/or other
measuri ng dé{gﬁ%gggq %Ilﬁé 'Jé‘gerﬁ‘? &81 é@%%’é‘ﬁrﬁﬁq PHBISEe] dJapanses fiaient Swplcagan t he
measur enent Disglosen 186, 2330204, CANTAOhS ist pernfitiéd aha@klosaesaRld #Sth8, 20 to
preci se PRSL.1 ticl nd pe waf er_ 30. Additionally, the
contr ol b%ys{aghﬁ%ﬁn%é%@é@ﬁ? ‘P%P%?ﬁg’? paer}cé‘ PRSP aaﬁ%f‘tcﬂtﬂ%ﬁﬁ{’éﬁt‘%’s‘é‘??’tﬁ%e
envi r onment kp. &H322h 26 inchiperatehbereln tgysf@endd can include one or nore
processors and GihGHidSrement system 22 monitors movement of the reticle 28 and the
wafer 30 relative to the optical assembly 16 or some other reference. With this
information, the control system 24 can control the reticle stage assembly 18 to
25  precisely position the reticle 28 and the work piece stage assembly 20 to precisely
position the wafer 30. The design of the measurement system 22 can vary. For
example, the measurement system 22 can utilize multiple laser interferometers,
encoders, mirrors, and/er other measuring devices.
The control system 24 receives information from the measurement system
30 22 and controls the stage mover assemblies 18, 20 to precisely position the reticle
28 and the wafer 30. Additionally, the control system 24 can control the operation
of the components of the environmental system 26. The control system 24 can

include one or more processors and circuits.



The environnental system 26 controls the environnent in a gap (not shown)
bet ween the optical assenbly 16 and the wafer 30. The gap includes an
imaging field. The inmaging field includes the area adjacent to the region
of the wafer 30 that is being exposed and the area in which the beam of

i ght energy 5 travels between the optical assenbly 16 and the wafer 30.
Wth this design, i tal system 26 can control the environnent
in the inaging fi@%%%@%‘%@%@&%‘hﬁr GRMENT tﬁ?e’%{t"gma%/ Bracei adti ed in
the gap by t IsBownhiateeeretitealptisy sisesmBlf 16ahviae yA6CT. AT mobyp el kbe Jpaf er 30

and the desi rast. of . onponents of the |ithography machi ne 10,
i ncl udi ng thgﬂ?#?{]%ﬁ‘lglﬁatﬁ%nm% %r{l;g%miﬁ'%fﬁs it 2EeaRgipeent e degegionedf the

control | ed eiafarcitnibat isclegind exrsbl wind teicliieam WAICRIthe ALbiar sfaighy 8hY ythe

desired cgnt b - other type.of fluid such aS a gas.
In vari oug e?r%%%?%%ﬁ%éb tft?%gﬁ %%{)g%é{/"%‘fya @“?S%%“Pé?elﬁ& t"&‘“l@?ﬁrﬂ?ﬁg'héhght
bet ween top SUATENE sysermilf ean eDtmhthe beviloasiendpt iheahaghg R et he

opti cal asseghl; ; j . environ tal system 26 fills
the i mmging [ty e ol hE (REF Siofmibameniaine

desi gn of tgb%yséﬁNi%dﬁgg:fhﬁcwﬁm%m@meamfet ﬁ@faodmpmnmn%mgpﬁhetrbg of t;P]e

envi r onment akorSyEHeRR AGhs - r ent  enbodj ments, the

envi ronment a]%o swsﬁfeem 26 dgﬁo\%arp }é??na%ﬂ oF f{bnﬁ'l'eéc"fﬁﬁqe%‘?e’ﬁ%m’b‘ﬁb% %Msgem Ao the

gap usi 2‘5 sp %fyg/’ﬁ‘a"ﬁ%e@? depierd Fontiollpd envirgpoefesn pordust 20t erdtal s, et C.

and renoves Alendtivilydther @réd Sorgi@led ShRSDUAGYHIR BY gﬂ%eﬁﬁgggfﬁ%agﬁ& the .
e, i

i ke. The dessi gn of the environpental system 26 can vary:
can inject the® PRtreldVEICYS eirkpdiperindheigapgray ransetfraomd. temde 10ean it he gap.

Further, thendightibesiam fopudiutfasy Sf &8 Gafera®Shisd i BRYdaD 8RN QF h
scavengi ng the i, %%Qﬁgﬁfl uid at one or nore |ocations at or nea|t % he work

pi ece 30, the gap or the edge of the optical assenbly 16. For

addi ti ontl det ai IrsorEnembodimest, trvervponRBhtal sy ysh O8%is ﬁ%@m@bﬂéiﬁgg‘){}?& US
applicati 0”%@%54@%1&??95%'\&%' gq " m*reri]i on Ifd‘t h%gr ap{%y FI O ntrol
Systemt filed on April *9 3" 1851eR8Y) Ty o ADF [deSign" b aviRpagersglt em and
W ck Ring Syystem 3toand theemosiponerts bhihgrawiryimbatars)semn A0kih bd QaridPOR,

60/ 500, 312 gfHckrddteSnb i e Fl Ui very, W Porous 30 Material"
filed on Sept err%)r{etr &gbm%%g{s Ztﬁ%l %&rgﬁg@gb 58%*@{“[ Itzgdde]NSEszla@d@éslmgﬁtsf or

| mrer ¢i on LifWegabiyd inte theigamushed s pray y10271e 08dstreakihetic (pohGY, FoffisbY

referenge heiids, etc. and REh&I] : I , Cross section of a
|'i t hogr aphy machi ngﬁ Tustrat isrﬁgggltrl{gﬁjeéhg%%iegﬁén%ﬁwgfvaf?ﬁ@“F?ng’érﬁpqnﬁg%nti on is

shown. The PN HSgik&pnyekgsian el toenvilongieotis systenpia cal vaRg S Egdyankfie and a

st age assenfl gan28Bdct gl i ef i r | nd, a waf er stage 206.
The waf er tgblg Zgg_i s ::dcj)ﬁﬂsgw&rﬁﬁéta\g%gp%%?{%rgi{?\/\%ﬁ%& gbgr 0P ﬁﬁygfi‘ﬁ-her type

of work pi eEEfGIntEiMMEESIoRfitie systamseantispist 8 remrpvinyvanidoTeRtE]girgyREEM 26,

sur roundi nginirherspt iuidlat ags ek i) renove
i mer si Bg flujd 212 fromthe }g{ape lﬁa&%@sﬂﬁfﬁgn\%\% @%Rg%lg pgen%%éh‘? 48P opti cal
f

el ement FRECHBE §ge 58 S?EELB?S@N%ﬁ@- pFeceddfiatrdgtils ysit emond 6,
i ncl udi ng aewabamehadgktedds dde- Brovidod2POL) aﬁﬁlféagé}lsabbﬂ@ﬁ% %—g@l 220
(i.e., am 5510%0@_? @?pd %P lg,a,msr a), is configured to renove t ffer 208
on the wafer L&l Seararly e deantiof Syptem” dilesben Aariv@ar 2003, BOME2 132
typically aeddeplVadeeh Ring System and Wick Ring System for Immersion Lithography*
filed on April 10, 2003, 60/500,312 entitied “Noiseless Fluid Recovery With Porous
30  Material” filed on September 3, 2003, and 60/541,329 entitled “Nozzle Design for
immersion Lithography” filed on February 2, 2004, all incorporated by reference
herein.
Referring to Figure 2, a cross section of a lithography machine illustrating

one embodiment of the present invention is shown. The lithography machine 200
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10 using the wafer |oader 218 to |ift and renove the wafer 208 fromthe
waf er table 204. Subsequently, the second wafer (not shown) is placed onto
t he wafer chuck 218, aligned using the alignnment tool 220, and then

positi oned under the optical assenbly 16 on the wafer table 204. Wth this
enbodi nent, the wafer stage 206 includes an imersion fluid 15 contai nnent
system 214 that! (IiS configured to maintain the immersion fluid 212 in the
gap adj acent {hé t?a@tc’p PEAMRYY dRERt 2ostaen @sersthlk 02 dbatdntiliges§ velter ng

waf er exchangiebleTioe anmmmsﬂenstagé apsl TRaLRKSHTERAE 28X 34 85 rfﬁéfédztgfgu% ? dggd

222 that is er tabl e 204. A support ne
bet ween t he S‘QJQ’C g@t g’ﬁémy %Wéeros‘ﬂ'%fgé"%@ U”fj@’ theeaptice aaspmorytm he\npad
222. The waf emvir@Ondnidilsgs@ovze asrreurdinf thaRREEaIHEERSE f&*"slcﬂsédstocs 55@“3][

at u urface

wth a surfa fer 208. e d 2 alsohasa

which is csl;plcag}ggém\%’\x 'H‘W‘?{g"’[}ﬁﬁg 2%3’?"!”2 BP 9hecqinthervaianes @Bﬂthariaistt he
waf er sulr }‘ ac epticeh elgyaht 2P thei @tlaalrmtgmdiyarﬂ aceotk pibse \é@élf%rng%%%tgng'fhng‘ t BI a
very small g a rsjon fl ui vabl e
bet ween t he ﬁ@@gb‘% &Z%EQan “fﬁe pﬁdoé%g MWAtgHBRent| tealk?afy (.ebuei ng a
waf er exchandécrosgese \@eECEt sayeeral6s iconfiqured tb rrentnbee dhe @RlfdrOfPEn apk oW 226

so that the ti.cal, assenbl 16 I n place of
The. waf er tanl o ddte 204 BRMIIB0 A% achl Sl ’Sg'aﬁv%qa”ﬁﬁfysfmr@ﬁfﬁhﬁg the

size of tife #Fing dhegwpser inpgier 2’tﬁht@ ifesndisheveas wla&eruoal ﬂ@ﬁ@iﬁb white e er

stage i s novegs bagksehQarti/StHRr ad 222 is renoved
30 fromthe gﬁg as teﬁeeﬂstgc?%dée% raf?gmgggl hp‘ﬂﬁﬁgl %ttﬁﬁ VR Pk
assenbly 16. a\/ﬁrﬁe}do‘d%"%%oﬂigﬁ@ﬁﬂ%foot R0, p?ad tB@Z positichepasid teBpfidauous! y

adj acent t heass@frly t&ih{[ﬂez%ﬁ%ﬁjgzﬂ@ gap. Vertical position and/or tilt of
the wafer table S{gﬁh& ag usted so that the wafer table surface is
coplanar with th %S GPPedimenh dhe vé@femataga 6 inaloties 204inimsersion elicout  f r om

under thes optcnntalnmse;ﬂtxw 246 th tMﬂbch u:@d h d 222 and
t he opti cal a ' rﬁé}ﬂgﬁ\?\tg i}rﬁmeéﬁsg ﬁu"gzg%& ation.

33 a5 wod csmon of v

e pa n in the
The pad 222 I3 6‘& trg g gﬂ*? it 8f Hhes pREca RSP EIDDY 16 during v2@r i n th
space bet vveelemhamg@amhéﬁﬁmamdmtﬂw @cnttmg?lenﬁ%&%ﬂ@bm R RHAE 1N 9L A tgpmegt
operation or on n.those operations, a part-of t
area occupi e&a%(gg%ﬁg{hl%% fag)ﬁ ?‘H} & SPhottEye RRer of?"t REOVifggeheteert e of t he
waf er table Pad222 and the Rafe&rstagaagzmeg iiuged € B&p;ﬁﬁﬂuéq,aqagggg 0§fe S04 on and
atopd % machi ne according to

anot her Oégrbo{ ‘rlrée%z'# 0 g{ p’gdegs%kﬁé éﬁ%‘ ﬁo‘ﬁgn%ﬁﬂ%a syriacq oftthe graderhy

machi ne 300 2{Pﬁzlﬂﬁ%sach¥122)ﬁsbba$ aaf@'sepﬂ:dr)suﬁfﬁceawdncars &&bféﬁaﬁ@ﬁth%ﬁé@ iy 302

h | ud f bl e 30
< cont | gur i 1o oy R aeh BT 207 i e BAEE SBIRC, Th ped ez bomkensedoe)

under the optdieent hieswsipl {ablc204Awite awenp amefigab (sys Dem. Bﬁ:m)sgérg,gymgl ng the

optical assemharsid® fiuids r UI d 312 from
t he gap et\/\\ﬁlﬁ] Si eﬂ\lfv’étj %t?%drghgan%é‘{f&ﬁ%eg\’}g? V(‘r?r%és)tggkt%ﬁg ﬁ‘f’ 282 the
opt i cal 23sseMiopt feaking kwrivg 5 waler e&@ﬁéﬂ@,ﬁaag’@f&yﬂamﬁm& mbi?é‘d waheg a

waf er | oaderdi@tforad t red to renpve the

waf er 308 on {he m?ﬁﬂﬁbgg@%gﬁéﬁgg a%lzg?e b tp%\/\ﬂt h&g %862'3? WRFeH . This

i s acconpl | ATEEMBIY 1Ry iReanelttee W&fﬁd@b'em repinteiningethe Hieidvaftes ¢39%:f rom t he
wafer { abl e.mauanaGuARIL orline nGRCRRO ARIGhe ODL FOOMY LS Jﬁggedagm o the

waf er chuck 318, aligned using the all nment fo
under the opitd ‘EraﬁtageZé%§gﬁ9§F§ff?L@ angn @s?slﬁplh lsadhatdbedad GZFlsg@ﬁﬁw&B a set

of not 083G 322nathe gused th® é&wav@r Sﬁ{a‘g fngludi ng the wafer
tabl e 304 and waf gr E[ya% > i né?f‘rgbggg?@s }%r zogaﬁo%a(sierahiaq% Ryur | ng

operation. A8 45t HpP Rls, fh?ep%@%ﬁ§ dpposedrroptnunulyt sgiecent teolvees, such
as linear metds 304 6k AOYAPDTREGeal YOLIGEN GRALr IRLPRR wibFtable 204 can be

adjusted so that the wafer table surface is coplanar with the pad surface, before

the wafer table 204 is moved out from under the optical assembly 16.
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The i mersion |ithography machi ne 300 al so includes an imersion fluid 25
contai nnment system 324 that is configured to maintain the inmrersion fluid
312 in the space below the optical assenbly 16 while the wafer table 304 is
away from under the optical assenbly. The imrersion fluid contai nnent
system 324 includes a pad 326, a notor 328, and a control system 330. The
pad 326 cafidipEipagile eaneibtueinatbemad RA2 aopthcapticassaohbly 16iand likemaf er

tabl e 204. ,fhe,waf e . has,a fl upper 30 surface which is

copl anar Wt hIll a sur 3%%%&03%%2]0&6?3? 1’@63}.22% E‘é O ENAREN & mantainpher
surface whinotersisn clofl aD2hin \thd Bpdch & cUpRer s Wakiaes ofd tihe ’ he 1304 and
the wafer surface. The pad 326 is novabl e :vHr? the X andowgfﬁ%%ﬁﬁéﬁé%usi ng

the ot or 95988 ghALENTEN! OpgieHAR Pedmsysurpienieperasbnsy st em 330. The notor 328
can besanyy, he tors. 322.. The 326 i
ot NSE AE B8 LR BT e AL S38ek e

posi ti oned under”the opti'cal asse
waf er st aifec 86} surbicandthefwafon tabided04t he optical assenbly 16. During a wafer
exchange, 5the wafer table 304 noves away fromthe optical assenbly 16.

Si nul t aneousl! yp k- 30 . directs the motor 328 to nove pad
326 under the gﬁ??@%ﬁRﬁﬁ%%h%$§%&ggb$36¥%%Fﬁﬁ“?ﬁ@‘ foprdarghyiswaefganothes pad
326 thus mmemaisis fillegrapher siaoiiné | 4bcord3de i Ay t r i cal
assenbly 16. After thed&evY_ g/af gr has giel%n al i néd&}ﬁag(?ﬁglegﬂg?ath&gﬁﬁgﬁ t ool
320, the URFRGORISshewndine lithographemadhing dpbinclgenn ppécappsseodly a6 sedbl y 16.
At the sagged hd¥Bmnbi t di t he. not or to retract
t he pad 3gggfromtr¥2ﬁ}gzg%ta{ {)ﬂr%(lau\%%t% i‘ﬁ%@e‘?ﬁglee%@‘g%}é“%fwff eStﬁgﬁréééi YAl d 312.

In the wafeble ¥dchanulgwpetasipport 4 wefee 008 (& arSy@h SOf WRYiEDikBENRE er

tabl e 304,and..t he pad,3 ith.a small gap between the wafer table 304 and
t he pad gﬁngaﬁﬁﬁggTﬂ%yfﬁﬂﬁﬁ§?ﬁﬁ”¢FﬁWﬂS$%9n8@LQ%WFﬁﬁﬂmﬁbbéahuéssenﬁﬂy 16

noves 15 hgtiyead tb @@}%ﬂi}?faﬁﬁ réRNEimB s LiAS 1983 %19:% g%}hﬁctéggrﬂ sion.fluid

cont ai nment system 3 t hus mai ntains the I mMmersion hreo‘ﬁ?ﬁ?ﬁe gap
during wet® and dicalegeer mosttdritisalenloogntrefithe bbcalafsammblghbl® S0dolkt figcmaf er

st age 306 t a 26 are novabl e separately. Therefore, the wafer
t abl 2’5304‘9’%"@%&/&2}’%‘3@‘ gll ei'&?ﬂ{iﬁ‘?& 3 VRIST i10Mer <i18rad ap qligameits ki 0ained i n

the spacedhépuedi r@flovdtfic Rad:328 Nl WaferaRSIk 384 4A3PEIRIN 3n ol oy | ouS

enbodi ments_ of the invention, the control system Vv be"a SePETHL e
control VAP rhhey isiacceraplished iusingghaveaderi lnader 818 tc oahond theys4 B oS 8dut 0

contr ol Wil 3 f osj,tioning the wafer stage, 306 and wafer table
304. Ver??%al pgé}lﬁﬁ %‘%bsg‘ﬁ‘g @P’? thiel Scec%‘?“g %Préa%&%@a% Plaged gaPethetveaite 304
and the phdcl32E, miigndibudnl Ust AnaRat Rl 30H6, f | 5;.50P! anar
with_the pad 25 surfaceﬂgbefog% pﬁe waf er’ Pg%%g{Péﬁﬁ%gg gﬁﬁﬁgﬁ)%F@nder

t he géti @sgermbly dfh s bass illusratedja Fagure A B, amsciwi mbtothd2 Makaned abhevatst i S

away fro [ : 6, 1.5, 4N necessarily limted to a wafer
exc%angeg%%ggg??%%fgﬁ%?égggﬁ%ﬁg%@gﬁt%ﬁ?ghﬁ@ﬂ “@‘3§5E%§9?‘%“W%5§ﬂ?@ﬁﬁht
oper at i ofreedornt(Kemdoppdading operayoh e £Xaed kBSy Vild £ ol @ﬁ?itcﬂ;l Bg a{n?%e

e op

imrersion.fluid 3 |E1the space between the pad 326 and
1

of motors, such as linear motors, rotary motors, voice coil motors, etc.

The immersion lithography machine 300 also includes an immersion fluid

25 containment system 324 that is configured to maintain the immersion fluid 312 in the
space below the optical assembly 16 while the wafer table 304 is away from under the
optical assembly. The immersion fluid containment system 324 includes a pad 326, a
motor 328, and a control system 330. The pad 326 can be positioned adjacent the
optical assembly 16 and the wafer table 204. The wafer table 304 has a flat upper

30  surface which is coplanar with a surface of the wafer 308. The pad 326 has a flat upper

surface which is coplanar with the upper surface of the wafer table 304 and the wafer

surface. The pad 326 is movable in
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30assenbl y 16. Referring to Figure 4A and 4B, two cross sections of
an imersion |ithography nachine are shown. The |ithography machi ne 400
includes an optical assenbly 16 and a stage assenbly 402 that includes a
wafer table 404 and a wafer stage 406. The wafer table 404 is configured
ot her wor k piece) under the opti cal

waf.er 408. (or an pe. of | :
bosonb o i MRLE afielid e B0l 3P w&mhrlaﬁﬁaﬁrwgc} etlspniel Swssendl y
16, i 88l0.t Dheé be b GBIosd i ‘he gap between
t he Q;fgf,408m;ng@?ﬁ§2?§%%r ﬁ%ﬁ?mﬁ opf?%gﬁsgkeﬁgﬁﬁ%é?(%ﬁgt%pt|cal assenbly

16. A wor KRppedd2Gicamaiigacd yadarthaoptical aseudings w}mﬁlwgg&acmﬂ% AOAB(t?,Eld an
i t WhLRQl I i gured t.o renmove th f 408 on_ the wafer
able a0a" R RSP a0LS aE R LR RLS LG R Bpom S, Mhorine Mt kb ng
t he weff er theowdertadit 804 mmaveraway fioem welphicAA8sdiyynshe wafer table 404.

b ly, the second wafer (not shown) is placed onto the wafer 10
(? ﬁ uiﬁqz(lag,é”éll?aﬂﬁ%% i gontrnd systegniddndiracsiothe4pcfor 3Ry te mvepedi Yibaneidr under

[ : | ' I gur e The i nmersjon
1t hoor apy GESAEinS 22 kil U SRR LBNEIE S Sl et sARE RS Syt em

424 that immersiohiftud 82 withiethagzap nnddiehé optrbigemblyuigl 412 in the space
ile the wafer table 404 is away from 15

| ly 16
ander 1 ne Bt 162 SREBRASP k8 sl pomicine anmes ok oA, et jodei i24
[ i it? i o) 1 he..optl
and 8 Second 1 anp e o R Y f e YRR oRRRT TR o1 on

fluid 412irestsibe waser 3Hetooptragtdhe asd 82bifipni fieang, preemiiethe teadipe AW (OF

' cond cla 430 in place on the
;[Ngl?e\rNaI glroipfe}l?e%ibn tfﬂzei"d 8‘?‘9 f'nz (tihel \%af%? legcht%gé gger?:gon, the contgopl system 330 moves

the wafer table 304 and the pad 326 with a small gap between the wafer table 304 and
the pad 326, while the immersion fluid 312 below the optical assembly 16 moves
15 between the wafer table 304 and the pad 326.
The immersion fluid containment system 324 thus maintains the immersion fluid 312
from the gap during wafer exchange. In this embodiment, the wafer table 304 (the
wafer stage 306) and the pad 326 are movable separately. Therefore, the wafer table
304 is movable freely while the immersion fluid 312 is maintained in the space between
20 the pad 326 and the optical assembly 16. In various embodiments of the invention, the
control system 330 may be a separate control system or it can be mtegrated into the
control system used to control the motors 322 for positioning the wafer stage 306 and
wafer table 304. Vertical position and/or tilt of at least one of the wafer table 304 and
the pad 326 may be adjusted so that the wafer table surface is coplanar with the pad
25  surface, before the wafer table is moved out from under the optical assembly 16. The
operation, in which the wafer table 304 is away from the optical assembly 16, is not
necessarily limited to a wafer exchange operation. For example, an alignment
operation, a measurement operation or other operation may be executed while
maintaining the immersion fluid 312 in the space between the pad 326 and the optical

30  assembly 16,

Referring to Figure 4A and 4B, two cross sections of an immersion lithography
machine are shown. The lithography machine 400 includes an optical assembly 16 and

a stage assembly 402 that includes a wafer table 404 and a
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20 404. When the wafer table 404 is away fromthe optical assenbly 16, for
exanpl e during a wafer exchange operation, the pad 426 is detached fromthe
waf er table 404 and held by the first clanp 428 to maintain the inmersion
fluid 412 between the optical assenbly 16 and the pad 426. The wafer table
404 has a flat upper surface which is coplanar with a surface of the wafer

408. The pad er. table 404 al so has a flat upper

surface whi ch@%rgggggﬁgrg% {M%%f %yeu%op‘ite? ColfguiRdIuiUPPRY awsfer4a%(or ang04 and

the waf er sur®ee ypehelr bt pigcd) hendentes SipgiBaipasheAZf, a8d mfﬁ{\iiréﬂt%eﬁg@;? be

noved under t kcal it hout the jmrersion fluid l'eaki'ng. In

vari ous enbodj%r;%e%'gtg?' ?‘H&@ﬁﬁﬁgﬂé‘yﬂ%%ﬁas% chgn I EsgrhiusRRY angsemoegnet i c,

el ect r o- st at i B*magpiondleldat1Z &bm B8 Ampbbstiveish| s twabedos %”Eit%”fﬁwélrp‘mfotspe pad
e

426 is pogti . I 4. during, exposure of t warer 408.
The secgnc;l% clfatﬂﬁrrg&_‘ ﬂ%@lﬂ%&%ﬂg&ﬁ%@m{%ﬂé%aﬁ ‘%‘%5 ‘%%"&E@“Q?ns}tshﬁntdéﬁl e 404
during the wdfR¢diggposizrdoadnirdiifgnd améblimnmesnt hangeoas dohfiglebd F‘é}ng{,% Fi gure
48, th f i i i ti .of 432 t th
oot 496 1o pon gorer 1806n e WAKE S b Bnd LG §B'q froonvisdr. ol o warf e
408. When thi%%@ﬁﬁ%? UtiRg theerafatiostiemis s4e0emolvd itngwhiap 4p@dof2Be Lxslne
waf er tabl e 4Me 484.r sLpas@dnmhi ' 8 ¢l.anps the pad 426 to the
opti cal a}ﬁsenFI }1% As§§B<él r%%ﬁe%é;chéaﬁvr?ﬁgﬁgp %%wrﬁi‘%g%ﬁé patorie Maferned
under the opt %%‘I s?@ﬁ?ﬂﬂ%y“Wﬂ the allgampat to! 408, wryl thenhaniieded Ahtigr pkhe new
wafer has 5 bptémal adsegmdis Adiustls intidFRuAP4s | S moved in the direction
opposite arrow 43|2hes.o t hat tlg}% new waf er “I's positioned under the optical
assenbly. Prior to tHI"STHBY"ERIraPHYE rpaghdte é‘PﬁgﬁﬁOda@ua@ arliremsegsbrhiile the
second cl anpcad@nmgat systEhanps bk adad2s iRGi le.404. _In this
embodi nent , ﬁges wal ?Efofwatpl 8,404 is roel y t@ﬁﬁ%@%ﬁ@eﬁ%" B‘éﬂa 43dni s
cl anped 2%/ the Firstoclanp CBY%a asambly 46iwWille tBatyefeniehlestO4t inavayerasi on, in
whi ch t hd padhdepehe opttampeembly tehe TherisimarbBRPIR Sontahmiel s&&g‘@g%to only
t

a waf er exchalggeo [ n..ali nt. operation, a neasure

operation, or gﬁe %Fﬁggbgk;ﬁgﬁ%ﬁ%% vided ot tbe oRlieal @sserably rifearsi @n f 1 ui d

312 is mai ntSSCRRA clamp #30 sm‘cﬁedbmmmemfehmmmub¢.alwra§$m@#nafmér@sogf}ﬂng he pad
e

426 cl anped 4y & i cl a: the 15 clanp 428 can pr ovi ded
on the frame 12 (r)tr% hg%%ﬁ%hes%%@r%%%@r?@eig BES'HG‘%F HEATE 48$ (erathebeatpr ovi ded

on the waf er*08t 4@ Pad @26 7w deldaley Hecsazand wiarekdo on plcBRIAIRkL Sy AT Gl Ot her

than theost age. FseNBh Waft)2an| : | 5A and, 5B are top down views of
two different twin st agea g ?Uﬁyﬂ’gc;grﬁgb%?/pa@%i’%ﬁ@b&’c%f%%@mbﬂ ot her

enbodi ment s 9YFNG AdV3FresEhingerRremtionn theroad 226 tshistimet Grond tHAGAH BRI

oper ati on 0#04 kadthaldbsiadrs d 1 ._see . US Patent No.
6,262, 796 and U@gp ten&ts Noq?Stéj,’%'ﬁﬁ)?gg@QX’@?@ﬁﬂgémf@’%} fiid ¢da betwren
di scl osur esr}ien0 a%’iS@HIbFVN?ﬁ agd fE2pFd 4260 dheSvatat emle Nt hGs 341kt OBferar e

i ncor por at edudfesidich ¢RiLHENRE a ¢ th yerhed ts, a pair of wafer
st ages 1 ﬁlréd ?ertgﬁ[?e scﬁ)?wn. thaord;faggzd?ére uggég‘%?bsrrpﬁ\@oézap%ijpﬂon t he

two 25 §tages Th"#he Taovrpes sednrcedivhiet i aopansheitase NpEr s 504

are used tosurtace ofithe eafdritaile 4D HHAEE VG- | he vertical
di rection. J{cﬁct%’t ors 502 @gd 504 are usaedl?%%gﬁ':/\ﬁ%ﬁg%}?r%?e 'BUeF°8n one
stage under”The“dplf c4TTeLELR GBI \permoyps uader thef enticak etrangsy altdo@ fhgnment i s
per f or med omnidreiootihierlesidiragen VAhems ERBo@xRARUL [&§nsynder the
optical assgufly J6.1S SOMp) et e, . e aémbyﬁzgﬂfgng4ggcan be

ps, madnetic, electro-static, or mechanical.

30 As best illustrated in Figure 4A, the pad 426 is positioned on the wafer table

404 during exposure of the wafer 408, The second clamp 430 is used to hold the
pad 426 in place on the table 404 during the wafer exposure. During a wafer

exchange as illustrated in Figure 4B, the wafer table 404 is moved in the direction

of arrow 432 so that the pad 426 is positioned under the optical assembly 16 in

12



30 then the two stages are swapped and the above process is repeated. Wth
either configuration, the various enbodi nents of the present invention for
mai ntaining inrersion fluid in the gap under the optical assenbly 16 as
described and illustrated above with regard to Figures 2 through 4, can be
used with either twin stage arrangenment. Wth regard the enbodi nent of

Figure 2 for @z@mlﬂeewaacms wWalher 184 ure 5A or
5B can be m)dzizfg H:’!‘E) pad g%%rf\r%e %&ﬁ%rr@j@ﬁ&%%&?g Eﬁ
regard to the ‘Eta 4@%%@%@%}”@?ﬁgﬁfélaﬁwzﬁz@ammtf@rpaamﬁ tand
control systmeﬂitacmbmbtsmwswa %%bﬁctﬁé‘ﬁmﬁw@%i&pﬁdl@éh 12 BSRaN |r>éd The pad

326 i s novabl at el t he e SW. and Ttine
when st age S\}\ﬁ O&P g’l% I'('ﬂlmﬁ ﬂ%ﬁﬁ is ?’1’?@3‘@91?!’ B‘ﬂ?Flﬂ!ﬁ We’dfelrd)amnder t he

opti cal a§serbbb:y an@eﬁothmamaaﬂne ube is MERIEInaRe Hiréﬂa@n %Eaaosb@ e 5*{2 Qpti cal
of Fi 4, "a etacha e single

assenbly 16. t he..enbodi ne ,
pad can be useé@’%rl WS} ﬁe”%sf*'ﬁﬁe?aﬂ'é??@t%@%“% eﬁ(ﬁ’é}’ gor de Hig wotian, swapped,
the pad 426 it firstcdarnp 48@isntbsed il tﬁﬁ%éﬁdnﬁfblérhblél@o'a@aﬁw% 4048S

il lustrated is8g K] @uk h Iher nd duri osure the'pad is
cl anped onto the t\ﬁgf@ﬁéﬁg %)B'OL' Fnttﬁ m%‘?t E\?"t"%‘%& g 494infealxposed. In
thi s manner, Mo¥pdle while thel radolas is s!amped@gl thefirst tjamlpw@astages WE1 and W52.

A ternat ngely. a3 dgnsss dRshaiRbL nh B B0EATR TIRR 520 BLT0,R L350 o0 the

pad. , .
the first clamp 428, is not limited to only a wafer exchange operation. An

alignment operation, a measurement operation, or any other operation can be
..executed while the immersion fluid 312 is maintained in the space between the
optical assembly 16 and the pad 426 clamped by the first clamp 428. Also, the
15 clamp 428 can be provided on the frame 12 or other support member, and the
clamp 430 can be provided on the wafer stage 406. The pad 426 can be heid on

a movable member other than the stage assembly 402,
Figure 5A and 5B are fop down views of two different twin stage immersion
lithography systems according to other embodiments of the present invention. For
20 the basic structure and operation of the twin stage lithography systems, see US
Patent No. 6,262,796 and US Patent No. 6,341,007. As far as is permitted, the
disclosures in US Patent No. 6,262,796 and US Patent No. 6,341,007 are
incorporated herein by reference. in both embodiments, a pair of wafer stages
WS1 and WS2 are shown. Motors 502 are used to move or position the two
25 stages WS1T and WS2 in the horizontal directions whereas motors 504 are used to
move or position the stages WS1 and WS2 in the vertical direction. The motors
502 and 504 are used fo alternatively position one stage under the optical
assembly 16 while a wafer exchange and alignment is performed on the other
stage. When the exposure of the wafer under the optical assembly 16 is complete,
30 then the two stages are swapped and the above process is repeated. With either
configuration, the various embodiments of the present invention for maintaining
immersion fluid in the gap under the optical assembly 16 as described and
iHustrated above with regard to Figures 2 through 4, can be used with either twin
stage arrangement. With regard the embodiment of Figure 2 for example, each
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Referring to Figure 6A, a top down view of a twin stage |ithography 15
machine illustrating one enbodi mnent of practicing the present invention is
shown. In this enbodi nent, the imrersion |ithography system 600 i ncl udes
first stage 604 and second stage 606. The two stages are noved in the X and
Y directions by notors 602. In this enbodi ment, the stages 604 and 606

t hensel ves are used to contain the i mrersion fI uid in the gap. For exanple
as shown in tWafeEsiage SW1 aed S0/ ofeitherstigge 53°04r5&cmbe hicained to ERladt he

opti cal assenbiyr36 f iece to be exchanged
the notors 63% are ?Jnsde%%pﬁ&oﬁgérﬁ%ﬁ%ﬁ %’tmﬁ g"%e MEeT §idee 8nd wor k

pi ece adj acent Single radr 6, M@ZBOQM wirtttpl Ememv&msctoa@i%a pasi éd @@;@,@l
si de- by- si de, oﬁtih@l)‘as@éi’ﬁﬁt%a@t TRk Ip%d BOE T oGt ggﬁg}g@ f}ﬁgsfg gwgo%%r:t ggg

are then uc.‘s d%w% e two stages 1 n unison SO
604 is positi®on<u Hréﬂg ﬁ@”@ﬁ?h@@aﬂfa%s%\élrftﬂnﬁ aw2anre1tatbesm;m Bl @R 4% no

| onger under is lmmv@ﬁttbmhe:aﬁﬁ EN d8e ! wor k. pi ece i
noved away fr%!n“t, PE 8{5 ? Z?g nbl y nl%ﬂﬂ’f% wmggﬁ% rﬁﬁnﬁfsaoqﬂ P'i‘?é'zgap is
nai nt ai ned by [ S58%BPIE 06 V\/r\:'@ﬁ“yf‘(é&f"ﬁréhf% hffefllmdlm&rﬁrnﬂ Biblse @ont i nuous
surface with deteehéble singkt ﬁ@:ﬁcanl Be Ugdd. ODErR RS HAL Ik Fgr%t% nt S, %B

second stage , %)é”%h aI stgl ?1 pad" stage that co p% that is
used to namintaln f"é’ﬁd ?glﬁ ‘dﬁqdﬁOt%nf@a‘pthwmersmrstdhmg pi ece

i s being 18l a@ed“ldﬁmatﬁdt imeFiuresiBst a)geuq@Oé,the&;ﬁhh adurifg é,@gsﬂgt (Me rr gggerrent
gur es

shown in eit 1£9U

68- 6E, a ser P ggn pg?gjlg?(gth%gfr{é{ef? a{g(? H‘&‘f%( %89‘?( “ﬁﬁté‘%ée'éﬁcﬁxaﬁw anctknsdl ng to
one enbodi neAEBNBE. tdny @rémm paah\nenmeemedl fori tHeUSHd akffbs WdOWH ?%Zshows a
waf er on staggef cQ ted. Figure GC shovvs second
stage 606 in con?ﬁlgﬁf BQPegﬁnﬁggyéaigw fhe Sgcng%cgﬁt??eﬁﬁ gl&"?ﬁ@ uped g% thetpage 604
under the opti cal eé%rgﬁﬁtﬂpyﬂﬂl@’e E‘P«.gar top6 Bowhovisw aoft & agag{ %Eagfealﬁhﬂ%bphﬁce

S Ly fﬁ@ﬁﬁtﬁ%ﬁfﬁ%ﬁ ok et Birie? o Bt st Toim stwnopt | ca
assenbl y 16 imang 4ke imraersion I|Ft]ogmp£l§w s@@e&nﬂ)(ﬁﬁ;lutﬁé&r blagd @ES 604
e 05, e ot S DR v °
d imegb tepstagss @%add $0ademmsEiies =3¢ 288y tohowevef
coul d al so ben@invhiekmpier€ion IhiAdR RS gﬂﬁtﬁ& é&&%‘i’e as shown in the Figure, the
20  first stage 604 is positioned under the optical assembly 16. When it is time for the
work piece to be exchanged, the motors 602 are used fo position the second
stage 606 with a second work piece adjacent the first stage 604. With the two
stages positioned side-by-side, they substantially form a continuous surface. The
motors 602 are then used to move the two stages in unison so that the second
25 stage 604 is position under the optical assembly 16 and the first stage is no longer
under the opfical assembly 16. Thus when the first work piece is moved away
from the optical assembly 16, the immersion fluid in the gap is maintained by the
second stage 606 which forms the substantially continuous surface with the first
stage. In various altermative embodiments, the second stage 606 could also be a
30 “pad” stage that contains a pad that is used to maintain the fmmersion liquid in the
gap while a second work piece is being placed onto the first stage 604. Similarly,
the motor arrangement shown in either Figure 5A or 58 could be used.
Referring to Figures 6B-6E, a series of diagrams illustrating a work piece
exchange according to one embodiment of the present invention is illustrated.
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10l n the various enbodi nents descri bed above, the pad can be nade of a
nunber of different materials, such as ceramc, netal plastic. These
materials may also be coated with Teflon according to other enbodi ments.
The size of the pad al so should be sufficient to cover the area occupi ed by
the i mersjon f{| he various enbodi nents descri bed above, the
surface of '&Hed llgéj‘é‘iwb‘it)t’”%céloné 2grERT aBer expeswpts Wpfﬁ®ds§&m¢9€18®0ws

const ant | yhUBLSK stAPTRIS1; 0 Bor thif ,(€1 Wbcﬁ&@?ﬁawm t;hlcrﬁcil "dsgec ﬁuBél on of a

fluid mark (e.g. "a water con or wat
fabri cat eﬂhe@@tln@ as$emntdp 0§ e Fimsec 61D shows y staesfer, tahmgtlha:epf epeﬁ%e&hﬂw&gc

|1 701 t rk piece's function and
ggpfgfnaﬁ%w‘é ?3851%{?%‘1[6?@?cﬁ’r“cgalda&‘?’@lﬂ@d\gDNext in step 702, a mask
(retia e)Fipany,ng F@gu@QQEtﬁl@H"ﬂqt'sﬁigg%ﬁh KBy ArenIHaS the o@m 18%&)415%“?
de5|gn|ng step,.  and |naparal el step 703 a vafer 1s rom-a sSilicon

mat eri al . ﬁ'h@gfhlﬁéﬁf@a@dtln Ergyresedy gmda@lDl trlieﬁweptag@%(vétarek@ﬁfs;advdm;odt he waf er
f te 0 toI|th r escri be

e o1 nanceiiiabd SHER Hhd: e eIk Sohby IR B BT RESFelmomehe
seni conduetmersisarflidliede ghs. Bsthe ehibedintdnd shaioh, NBe §endsGLAB0OLSSS

bondi ng process 25and_ packagi L;);;(Bprocess) finall y, the work piece is then

i nspect e8¢ &%bSt?&%hOWFWr%) alsp bp gtk iccy sigeab heiddfabovichart  exanpl e
of the above-nentioned step 704 in the case of fabricating sem conduct or

wor k 1pi eces. |1 thé Gakicis EBhboliin&it@Besthbed M0vdathk PAd %5:?9& maHQ?f %L%%efs ur f ace

is oxidi zed In step 712 (CVD step), an i nsul ati on Imis forne
waf er sur¥ éé@erenﬁngt@@plsmh(aér:@@mmmetalqﬂmm (Trhcsimpi)cnakshmalsxdms 30are

forned on, ‘?e siti.o 714§|on| t|on
step), i oné{égr el rrp &y X ?1g h(ggwa %mfﬁ’g atggéizﬁﬂﬁ hed’ﬁ‘g&@t B
sufficient to cover the area occupied by the immersion fluid. In the various
embodiments described above, the surface of the last optical element of the optical
16 assembly 16 is constantly under immersion fluid environment, preventing the formation

of a fluid mark (e.g. "a water mark™).

Semiconductor wafers can be fabricated using the above described systems, by
the process shown generally in Figure 7A. In step 701 the work piece's function and
performance characteristics are designed. Next, in step 702, a mask (reticle) having a

20 pattern is designed according fo the previous designing step, and in a parallel step 703 a
wafer is made from a silicon material. The mask pattern designed in step 702 is
exposed onto the wafer from step 703 in step 704 by a photolithography system
described hereinabove in accordance with the present invention. In step 705 the
semiconductor work picce is assembled (including the dicing process, bonding process

25 and packaging process), finally, the work piece is then inspected in step 706.

Figure 7B illustrates a detailed flowchart example of the above-mentioned step
704 in the case of fabricating semiconductor work pieces. In Figure 7B, in step 711
(oxidation step), the wafer surface is oxidized. In step 712 (CVD step), an insulation
film is formed on the wafer surface. In step 713 (electrode formation step), electrodes
30 are formed on the wafer by vapor deposition. In step 714 (ion implantation step), ions

are implanted in the wafer. The above mentioned steps
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711 - 714 formthe preprocessing steps for wafers during wafer processing,
and selection is nade at each step according to processing requirenments.
At each stage of wafer processing, when the above-nentioned preprocessing
steps have been conpleted, the follow ng post-processing steps 5 are

i npl emented. During post-processing, first, in step 715 (photoresi st
formation step), photoresist is applied to a wafer Next, in step 716
(exposur e st ép); 7héradbe prapeonsseing dteps fos waerswokngivaiee ;ir@ca&ﬁag, bed
transfer theg toawaf Then in step
717 (devel opleﬁléf'rti%lliS ng%%%aeh&eg 5%%&&?}00385@ Eﬁ%‘ﬁemﬁﬂ in step 718
(etching step), partesclot sleget hanweafesi dumbsphmt oviesi sﬂhel&b(oee(ﬁmdnéﬂit erial
surface) ar Ra oresi,st_ remval ep),
unnecessar ye%ﬁgﬂtgg%{sgsﬂ}gg%tegeﬁrg\l@nlgﬁ%d g?lﬁé ]tﬁl (r‘;(gg%ngr BREPEgressing Ste%l tiple
circuit patt¥emgplamentedr rfﬁwnm;poaft@m@zassmgnfref in steséf'iﬁr(mmtmeessfongamﬂ

post - pr ocessdy L &S [ B g shown
and di scl osedé}%eéel n F?m é;ﬁ:f:‘% 3)02‘5%'; I e'\% to}ﬁisgb%nfﬁag@&ﬁ 3%@ %ﬁ

provi di ng t RPCRRNIERliarsemepEP rW%’éPtﬁC@ ispaeedn trﬂmsfestheozirbeu patﬂmxsdfcmd t hat
[t s mer el mdddl scletd el tREn BT 8BBIUYY(BIAAS SelopTROdIRALS, 4L, t he

invention and that no limtations are intend
const ruct i of® BFVIRRSAgANhErLem7 BhiGirhing $16P). PREA ofhsr étmnesbsd nhmrhusappended

clai ms. 10CLAbYDSsdd AMatbiBIRILFRES) £EPRFIHED HPBIAIYS ﬁhe@swmt&eg'gpst rate

W th an exposure b%ﬁﬁn via an optical nenbéer, conprisin Substrate
stage that RHECY SR} &NBRCSHAMY RNPiREsisi FRTRIRNG after pishingdsirenagyed. a
menber that is dMbfipreentui paterisee fobice BdpbficArdt A8 bréirotQirubRt rat e
stage, post-processing steps.
While the particular lithography machines as shown and disclosed herein is
15 fully capable of obtaining the objects and providing the advantages herein before
stated, it is to be understood that it is merely illustrative of the presently preferred
embodiments of the invention and that no limitations are intended fo the details of
construction or design herein shown other than as described in the appended
claims.
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wherein each of the table and the nmenber mmintains an imersion liquid
bel ow t he optical nenber by being | ocated opposed to the optical nenber,
and wherein, when the table is | ocated opposed to the optical nenber, the
table and the nmenber are noved by thesgubstrate table relative to the
optical nenber in a state in which @ surface of the table and a surface of
the menber are arranged in juxtaposition with each other so that the
|nnershon Iqu|d bel ow t he ogtlcal menber ved fron1the ta |l e to the
menber : immerslion expdésure apparatus that expocses strat
with an exposure beam via an optical member, comprising:
a substrate stage that has a table on which the substrate
is mounted; and
a member that is different from the table and is provided
at the substrate stage,
wherein each of the table and the member maintains an
immersion liquid below the optical member by being located
opposed to the coptical member,
and wherein, when the table is located opposed to the
optical member, the table and the member are moved by the
substrate table relative to the optical member in a state in
which a surface of the table and a surface of the member are
arranged in juxtaposition with each other so that the

immersicn liquid below the optical member is moved from the

table to the member.



